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That the filtration of albumin in the glomerulus is a process of
selective permeability is now well established. Molecular size is
not the only factor in this selectivity, since proteins as small as
albumin (36 A) fail to leak into Bowman's space despite the fact
that even the smallest pores in the glomerular membrane measure
at least 50 A [1]. Studies of the glomerular filtration of polarized
dextrans have shown that anionic macromolecules have smaller
apparent sieving coefficients than cationic ones [2—4]. The loss of
normal glomerular electrostatic barrier properties has thus been
proposed as a partial explanation of the massive albuminuria seen
in the nephrotic syndrome [5, 6].
There is strong evidence linking the loss of the capacity to
retain albumin in this condition to the presence of an abnormal
circulating factor. Attempts have been made to study such a factor
by transferring semipurified material into rats [7] or into isolated
rat kidneys [8, 9]. Experiments using isolated perfused rat kidneys
are time-consuming and ill suited to sample screening. Other
attempts to characterize albuminuric factor(s) have used isolated
glomerular basement membranes [10, 11]. However, the need
remains for a more direct in vitro method using intact glomerular
structures and allowing easy testing of sera or of the numerous
fractions necessary for the biochemical characterization of the
factor(s) influencing albumin filtration in vivo. It has been well
established by Savin et al [121 that variation in the capillary
volume of an isolated glomerulus with no Bowman's capsule
submitted to hypotonic stress is proportional to the albumin
reflection coefficient. This was demonstrated by the precise mea-
surement of changes in glomerular size during hypotonic stress
using a video apparatus [13]. In the present study, we describe a
new method of directly measuring the glomerular capillary tuft
volume of a large number of uncapsulated glomeruli maintained
in suspension. We also report the effects of incubating glomeruli
with polycations (protamine sulfate) on glomerular permselectiv-
ity of normal or nephrotic rat kidneys. We suggest that this new
test could contribute significantly to the detection and biochemi-
cal characterization of an albuminuric factor (or factors) in the
nephrotic syndrome, whether experimental or clinical.
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Methods
Isolation of glomeruli
Glomeruli were isolated from kidneys of 270 to 350 g Wistar
males (Charles River, France) or six-month-old Buffalo/Mna
males rats (Central Institut of Experimental Animals, Japan)
using the usual sieving method [14, 15]. Briefly, animals were
anaesthetized with 60 mg/kg of pentobarbital (Sanofi Sante Ani-
male, France). The renal cortex was cut into small cubes, which
were then delicately crushed on 180, 125, and 100 j.m meshes
successively. Isolated glomeruli were recovered on a 75 im mesh.
At each step, the tissue was abundantly rinsed in an isotonic
medium: R.P.M.I. 1640 solution (Gibco, Eragny, France) contain-
ing 6% bovine serum albumin (BSA) (Sigma Aldrich, L'lsle
d'Abeau Chesnes, France). This solution was oxygenated with a
gas mixture (95% °2 and 5% C02). The isolated glomeruli were
first examined with a microscope to verify their purity (usually
'95% of the suspension) and to assess the percentage of glomer-
uli without a Bowman's capsule. Only preparations containing a
majority of uneapsulated glomeruli were used in this study.
Volume measurement
To measure the capillary volume of a large number of glomeruli
easily and rapidly, a Multisizer counter (Coulter, Hileah, FL,
USA) was used [16]. In this apparatus, a suspension of the
particles (isolated glomeruli in this case) in a conducting liquid are
first placed in a container into which a platinum electrode is
immersed. Another electrode is placed in a second container, at
the bottom of which is a 280 rm aperture through which the
particles are forced to flow. When a particle passes through the
aperture, the impedance between the two electrodes varies as a
direct function of the particle volume, which is then directly
deduced. In each experiment with Wistar rats, 1500 events (that is,
glomeruli passing through the aperture) were counted over some
60 seconds, in an analytic window ranging from 0.11 to 1.4 ni. For
glomeruli isolated from Buffalo/Mna rats, at least 4000 events had
to be counted under the conditions previously described, owing to
a wider dispersion of glomerular volumes which was probably
likely due to the rat strain.
Assessment of glomerular permselectivity.—theoiy
In the unaltered state, glomerular membranes are negatively
charged, and thus exhibit electrostatic repulsion for small, nega-
tively charged proteins (< 75 A), like albumin. Observation of the
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volume of glomeruli submitted to a hypotonic stress allows this
property of albumin repulsion to be assessed. When permselec-
tivity is unaltered (that is, in intact glomeruli), albumin is retained
to equilibrate the oncotic pressure gradient between the intra- and
extracapillary spaces, and water is transferred into the capillaries,
resulting in an increase in capillary volume. On the other hand, in
an altered glomerulus that has lost its permselectivity, albumin
leaks into the extracapillary space, reducing the transfer of water.
The result is a slight increase in the volume of the glomerular
capillary tuft.
Hypotonic stress
Hypotonic stress was applied by placing the isolated glomeruli
in a solution with an oncotic pressure (P.onc. = 3 mm Hg; BSA
1%) lower than that used in the isolation procedure (P.onc. =
25.9 mm Hg; BSA 6%) [18]. Data acquisition was started after 10
seconds, and continued until the desired number of events had
been counted (over about one minute). The Multisizer, although
allowing easier and more direct measurement of capillary volume
than the video system, could not be used to make initial measure-
ments in isotonic conditions (BSA 6%) immediately before the
stress, because for the volume to be correctly measured both
containers of the apparatus must contain the same medium.
Comparison was therefore made between glomeruli treated with
the reagent studied and control glomeruli subjected to the same
experimental procedure except for the addition of the agent liable
to modify glomerular capillary permselectivity (Results). As pre-
viously demonstrated using the video method, glomerular volume
is stable for several minutes after the hypotonic stress (BSA 1%)
[12].
Induction of alteration in permselectivity
Protamine sulfate (Laboratoires Choay, Gentilly, France) is a
polycationic macromolecule known to modify the charge on the
basal membrane and to induce albuminuria when injected into
animals [18, 19].
Normal rat glomeruli (Wistar.). To calibrate the test, variations in
volume after hypotonic stress were studied when glomeruli had
been incubated in increasing doses [0, 200, 400, 600, 1000 and
1800 g/ml] of protamine sulfate for 10 minutes at 37°C [12]. In
other experiments, the glomeruli were incubated at 37°C, for
increasingly long periods [2, 5, 10, 20, 30 minI with different doses
of protamine sulfate [0, 200, 400, 600 ig/mlJ before being
subjected to hypotonic stress.
Nephrotic rat glomeruli (BuffaloiMna). Buffalo/Mna rats sponta-
neously develop renal glomerulosclerotics lesions at an incidence
of nearly 100% [20]. The nephrotic syndrome in this strain is
characterized by proteinuria, hyperlipidemia and slight edema at
three months and by some of the light microscopy features of focal
glomeruloscierosis (FGS) in older animals (> 6 months). Protein-
uria in a six-month-old animal is higher than 40 mg124 hr.
Attenuation of epithelial foot processes and focal loss of the
epithelial covering on the outside of the glomerular basement
membrane, in several areas of glomerular capillary wall, have
been described [20—22]. To quantify this loss of the properties of
the glomerular capillary wall, glomeruli from Buf/Mna rats were
incubated for 10 minutes at 37°C with 1000 j.tg!ml protamine
sulfate before being subjected to hypotonic stress as described for
normal glomeruli.
Stastistical analysis
The results are expressed as mean standard error (SE).
Correlation was analyzed by means of the coefficient r, calculated
by linear regression. Student's two-tailed t-test was used to
compare the effects of protamine sulfate on normal and nephrotic
rat glomeruli.
Results
Data presentation
The uncapsulated glomeruli, isolated as previously described,
can be treated as if they were tufts of closed capillaries, since the
capillaries are effectively plugged by the red blood cells remaining
in their lumens [12]. Following the basic principle of the Multi-
sizer, what is measured is the volume of a closed system, such as
the capillaries, rather than the total glomerular volume (detailed
in the Discussion). Figure 1 shows an example of the 128 channel
Multisizer histogram representing the volume of the glomerulus
population analyzed. The volumes of freshly isolated glomeruli
usually had a bimodal distribution. To obtain such a histogram
takes only a few minutes once the glomerulus suspension is placed
in the apparatus.
Studies of glomeruli with and without Bowman's capsule
Two peaks of volume distribution were observed (Fig. 1). These
correspond to two populations of glomeruli: those without a
Bowman's capsule (peak A) and those with one (peak B). Indeed,
as shown in Figure 2, the ratio of peak A to peak B magnitudes
was directly correlated to the ratio of uncapsulated to capsulated
glomeruli as determined by light microscopy of glomerulus sus-
pensions (r = 0.75, P = 0.0002). In very clean preparations with
more than 80% of uncapsulated glomeruli, peak B was usually
very low (Fig. 3A). In contrast (Fig. 3B), in preparations contain-
ing more than 70% of capsulated glomeruli, peak B was dominant.
Lastly, when the preparation contained 50% of each population
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Fig. I. Characteristic distribution of volumes of isolated glomeruli. A total
of 1500 events were counted in 60 seconds. The values were smoothed
using a simple slided mean procedure on 6 values to allow easier analysis
of the peaks.
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Fig. 2. Determination of the population represented by the first and second
peaks observed in the histogram: there is a correlation between the ratio of the
magnitudes ofpeaksA and B and the ratio of the proportions of uncapsulated
and capsulated glomendi as determined by optical microscopy.
(Fig. 3C), two peaks of about the same magnitude were observed.
Preparations with a dominant peak A (> 60% of the glomeruli
without a Bowman's capsule)—the most appropriate for the study
of the effect of biological samples on the albumin permeability of
capillaries—were the only ones explored, their peak A values
being retained as specifically representing uncapsulated glomeru-
lus volume. Preparations containing a preponderance of glomeruli
with capillaries protected by the capsule were discarded.
Hypotonic stress effect and glomerular volume variation (GVV)
Following hypotonic stress, differences in volume values be-
tween unmodified control glomeruli and glomeruli subjected to
various experimental conditions liable to alter glomerular perme-
ability (see below) were recorded. The glomerulus volume varia-
tion was defined according to the formula:
Test VolumeGVV =1-
Control Volume
Test Volume represents the volume of glomeruli treated with
various reagents (such as protamine sulfate), while Control Vol-
ume represents the volume of glomeruli not exposed to any
reagents but incubated under the same experimental conditions.
Effect of protamine sulfate on glomerulus volume variation
following hypozonic stress
Normal rat glomeruli. To observe the effect of a polycationic
solution on GVV, glomeruli were incubated with protamine
sulfate for 10 minutes at 37°C. As shown in Figure 4, GVV values
increased from 1.2% to 15.2% for protamine sulfate doses ranging
from 200 to 1800 .tg/ml, respectively (r = 0,91, P = 0.001). For
example, the volume of glomcruli incubated with 1000 ig/ml of
protamine sulfate was 10.9% smaller than that of the controls
(untreated glomeruli).
The kinetics of the effects of protamine sulfate on glomeruli
were investigated using three different doses of protamine sulfate
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Fig. 3. Percentages of uncapsulated glomeruli contained in the isolate: (A)
more than 90%, (B) less than 30%, (C) 50%.
(Fig. 5). Histograms of glomerulus samples incubated for two and
five minutes, however, were unsuitable for analysis. Indeed,
histogram values after short incubation time were too dispersed
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Fig. 4. Effect of protamine sulfate dose on Glomenilar Volume Variation
(GVV). (N) is the number of analyzed samples obtained from independent
animals. Data are expressed as means SE. Significant correlation
between GVV and protamine sulfate dose was noticed (r = 0.91, P =
0.0001).
phrotic glomeruli (GVV = 7.63 0.49%) was observed as
compared to that on normal glomeruli (GVV = 10.9 0.82%),
P < 0.02.
Discussion
Our study confirms and adds to previous results [12] that
showed that measuring the volume of the glomerular tuft sub-
jected to a hypotonic stress can help to assess the capacity of the
glomerular capillary walls to repulse albumin molecules. In this
paper, we report a modified method of investigating glomerulus
permselectivity for albumin; while it is still based on the principle
of glomerular volume variation induced by hypotonic stress [23]
and (as assessed by a roughly similar sensitivity to protamine
sulfate [121) is apparently as effective as the test based on video
analysis of the size of glomeruli immobilized on a poly-L-Lysine
coated surface, this new method is much easier to perform, is
based on the analysis of a large number of glomeruli (1500 per
measurement instead of 5 to 10), and provides a more direct
measurement of the actual glomerular capillary volume.
First, volume measurements for the study of capillary wall
permselectivity need to be restricted to glomeruli from which
Bowman's capsule has been removed, exposing the capillaries
directly to the medium surrounding the glomerular tuft. While
optical microscopy of the purified glomerulus preparation ob-
tained by means of the sieving isolation procedure shows that
most of the particles are glomeruli without a Bowman's capsule, in
our experience the final preparation also contains glomeruli that
have kept their capsule throughout the purification procedure, as
well as crushed glomeruli and tubule fragments. It is here that,
although microscopy shows no significant difference in the size of
glomeruli with and without a Bowman's capsule, the Multisizer
counter allows the two different glomerulus populations to be
distinguished. Two peaks were easily identified on histograms
derived from the analysis of a large number of particles (> 1500)
and representing the frequencies of various glomerulus volumes
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Fig. 6. Effect of protamine sulfate (1000 igIml) on glomeruli isolated from
proteinuric (BufiMna) and normal (Wistar) rats. N indicates the number of
experiments. The bars indicate mean values SE. The effect of protamine
sulfate was significantly lower in Buf/Mna than in Wistar rats (P < 0.02).
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Fig. 5. Kinetics of incubation at 37°C with different doses of protamine
sulfate (•, 200 pg/mi; 0, 400 pg/mI; 600 pg/mI). For the two and five
minutes incubations, the glomerular volume variation could not be
measured because the histogram did not allow the peaks to be identified.
The average shown is calculated from three independent experiments.
Data are expressed as mean SE. Correlation between GVV and
incubation time was clearly observed at the dose of 600 pg/mI (r = 0.86,P = 0.002).
for a reasonable peak value to be determined (top left panel, Fig.
5). In contrast, both peaks were clearly identifiable in glomerulus
samples incubated for 10 minutes or more. Under these condi-
tions, increasing the time of incubation with protamine sulfate
induced a proportional increase in GVV that was clearly observed
for the 600 g/ml dose (r 0.86, P = 0.002).
Nephrotic rat glomeruli. The effect of 1000 g/ml protamine
sulfate on glomeruli extracted from the kidney of Buffalo/Mna
rats with proteinuric glomerular disease is shown in Figure 6. A
significant reduction of the effect of protamine sulfate on ne-
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present in a preparation. The first peak was shown to correspond
to uncapsulated glomeruli and the second to capsulated glomer-
uli. These differences in volume between the two kinds of
glomeruli can be deduced from the principle on which the
Multisizer is based, the electrical impedance method, by which
particle volume is derived directly from the increase in impedance
that occurs as the particle passes through the 280 .Lm aperture
between the two electrodes of the apparatus [161. The morphol-
ogy of the two kinds of glomerulus is represented in Figure 7.
When the capsule is removed, the liquid between the capillary
loops of the glomerulus can conduct the electric current, and the
volume measured will be that of the closed capillary tuft alone.
When the glomerulus is still protected by its capsule, on the other
hand, the entire mass including the capsule behaves as a closed
system and the electric current can only pass around it; in this
case, therefore, it is the volume of the whole glomerulus including
Bowman's capsule that is measured—as in the video analysis
method of volume assessment [131—instead of the capillary
volume. Measurements obtained from the peak value represent-
ing uncapsulated glomeruli are therefore the only ones that
should be retained in studies aimed at measuring changes induced
in the properties of the glomerular capillary walls. A similar
system could also be used to study glomerular receptors for
vasoactive agents, such as angiotensin II, for instance [24, 25].
This new technique offers the possibility of directly measuring the
volume of at least 1500 particles within 60 seconds, and, from a
preparation obtained from a single animal, allows as many as six
samples to be analyzed.
Our objective here was to design a new test with which to study
the permeability of the normal glomerular wall and the selectivity
of albumin filtration through it, and to validate the test by
investigating the modifications induced by a cationic molecule
that alters fixed anionic glomerular charges. The measurement of
variations in glomerular volume thus provides a good assessment
of damage caused to anionic sites in glomerular walls. After ten
minutes of incubation in isotonic conditions with varying doses of
protamine sulfate, glomeruli subjected to hypotonic stress exhib-
ited a linear increase in GVV (Fig. 4). As previously showed by
Savin et a!, this indicates that a defect in glomerulus permselec-
tivity results in an increase of GVV because the neutralization of
anionic sites in the capillary wall no longer allows albumin to be
retained in the capillary lumen. However, analysis of glomeruli
incubated for two or five minutes did not yield conclusive histo-
grams, probably because the glomerular mass had insufficient time
to relax. Suitable histograms were only obtained when the gb-
meruli were incubated for longer periods. This result suggests, as
previously noted [12, 261, that the duration of incubation with
protamine sulfate is important in modifying the charge reflection
of the glomerular wall, and that the process of depolarization of
anionic sites depends on dose and duration of incubation, rather
than functioning as an on/off system. Moreover, the effect of
protamine sulfate was reduced when glomeruli isolated from
proteinuric rats were used. Buffabo/Mna rats glomeruli have
reduced anionic charges on their capillary walls [21] and a
flattened epithelial foot processes. Our results show that the
abnormality in glomerular permeability present in this rat strain
(albumin uria > 500 mg/dl) can be detected as a decrease in
sensitivity to protamine sulfate in our test. This approach yields
more significant results than a direct comparison of volume values
with those obtained from younger animals (pre-proteinuric phase)
or of other rat strains; such comparisons are rendered more
difficult by the influence of the strain and age of glomerulus
donors.
Uncapsulated CapsulatedO
Capillary tuft volume Glomerulus volume Fig. 7. Schematic representation of the effect of the
presence of Bowman's capsule on the
determination of capillaiy volume using the
Multisizer counter.
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In conclusion, we hope that this method will open up new
possibilities in the study of the various physiological or patholog-
ical factors altering albumin permselectivity [27—29], for example,
plasma and derivatives as eluates from the columns of patients
with focal glomerulosclerosis (FGS) submitted to protein-A im-
munoadsorption for relapsing nephrotic syndrome after trans-
plantation [7, 30, 31]. This method may also be expected to lead
to progress in the establishment of tests for the diagnosis and
prevention of recurrent FGS after renal transplantation [32].
Acknowledgments
This work was supported by I.N.S.E.R.M. and I.T.E.R.T. Y. Godfrin
was supported by a grant from "Fondation Transvie." We thank P. Lassus
(Institut Francais de Recherche et d'Exploitation de la Mer, Nantes,
France) for Multisizer facilities. We are grateful to Dr. Saito (Central
Institut of Experimental Animals, Kawasaki, Japan) for providing Buffalo!
Mna rats. We thank Pr. F. Epstein (Beth Israel Hospital, Boston, USA)
and Pr. D. Kerjaschki (Institut für Klinische Pathologic, Vienna, Austria)
for helpful discussion.
Reprint requests to Jean-Paul Soulillou, M.D., I.N.S.E.R.M. U437, 30, Bd
Jean Monnet, 44035 Nantes Cedex, France.
References
1. KAYSEN GA, MYERS BD, COUSER WG, RABKIN R, FELTS J: Mecha-
nisms and consequence of proteinuria. Lab invest 54:479, 1986
2. BRENNER BM, HOSTETrER TH, HUMES HD: Glomerular permselec-
tivity: Barrier function based on discrimination of molecular size and
charge. Am I Physiol 234:F455—F460, 1978
3. CHANG RLS, DEEN WM, ROBERTSON CR, BRENNER BM: Permselec-
tivity of the glomerular capillary wall. III. Restricted transport of
polyanions. Kidney mt 8:212—218, 1975
4. DEEN WM, SATVAT B: Determinants of the glomerular filtration of
proteins. Am J Physiol 241:F162—F170, 1981
5. Yosi-tiz..w N, KUSUMI Y, MATSUMOTO K, OSHIMA 5, TAKEUCHI A,
KAWAMURA 0, KUBOTA T, KoNDo S, NIWA H: Studies of a glomerular
permeability factor in patients with minimal-change nephrotic syn-
drome. Nephron 51:370—376, 1989
6. SALANT DJ: The structural biology of glomerular epithelial cells in
proteinuric diseases. Curr Opin Nephrol Hypertens 3:569—574, 1994
7. DANTAL J, BIGOT E, BOGERS W, TESTA A, KRIAA F, JACQUES Y,
HURAULT DE LIGNY B, NIAUDET P, CHARPENTIER B, SOULILLOU JP:
Effect of plasma protein adsorption on protein excretion in kidney
transplant recipients with recurrent nephrotic syndrome. N Engl I Med
330:7—14, 1994
8. JOHNSON E, HARALDSSON B: An isolated perfused rat kidney prepa-
ration designed for assessment of glomerular permeability character-
istics. Acta Phy.ciol Scand 144:65—73, 1992
9. COUSER WG, STEINMULLER DR, STILMANT MM, SALANT DJ, L0wEN-
STEIN LM: Experimental glomerulonephritis in the isolated perfused
rat kidney. J Clin invest 62:1275—1287, 1978
10. WALTON HA, BYRNE J, ROBINSON G: Studies of permeation proper-
ties of glomerular basement membrane: Cross-linked renders glomer-
ular basement membrane permeable to protein. Biochem BiophysActa
1138:173—183, 1992
Ii. BARNES JL, RADNIK RA, GILCHRIST EP, VENKATACHALAM MA: Size
and charge selective permeability defects induced in glomerular in
glomerular basement membrane by polycation. Kidney mt 25:11—19,
1984
12. SAwN VJ, SHARMA R, LOVELL HB, WELLING DJ: Measurement of
albumin reflection coefficient with isolated rat glomeruli. JAm Soc
Nephrol 3:1260—1269, 1992
13. SAVIN VJ: Ultrafiltration in single isolated human glomeruli. Kidney
mt 24:748—753, 1983
14. MISRA RP: Isolation of glomeruli from mammalian kidneys by graded
sieving. Am J Clin Pathol 58:135—139, 1972
15. FONG JSC, DRUMMOND KN: Method for preparation of glomeruli for
metabolic studies. fLab Clin Med 71:1034—1039, 1968
16. COULTER CORPORATION: Multisizer Counter Manual of Use. Basic
Principles. 1986, p 3
17. LANDIS EM, PAPPENHEIMER JR: Exchange of substances through the
capillary walls, in Handbook of Physiology (vol 2), edited by HAMILTON
DP, Washington, D.C., American Physiology Society, 1963, p 974
18. WHITESIDE CI, LUMSDEN CJ: Transglomerular cationic macromolec-
ular flux is mediated by a convection-binding mechanism. Am J Physiol
256:F882—F893, 1989
19. VEHASKARI VM, ROOT ER, GERMUTH FG, ROBSON AM: Glomerular
charge and urinary protein excretion: Effect of systemic and intrarenal
polycation infusion in the rat. Kidney mt 22:127—135, 1982
20. MUTSUSHI M, TOSHIAKI 0, KEIICHI K, CHEIKO Y, MIKI K, HIR0sHI H,
TAKAMICHI N, FuJI0 5, TATERU T, Y0sHIHIR0 K: Genetic regulation
of the development of glomerular sclerotic lesions in the BUF/Mna
Rat. Nephron 54:334—337, 1990
21. TAKAMICHI N, TAKASHI 0, FuJIo 5, MUTSUSHI M, TAKASHI K,
YUTAKA K, MASAAKI A: Sclerotic lesions in the glomeruli of Buffalo!
Mna rats. Nephron 43:50—55, 1986
22. FUMINORI K, MINORU W, MUTSUSHI M: Nephrotic syndrome in
spontaneous thymoma rats, Buffalo!Mna. Biomed Res 4:105—1 10, 1983
23. SAVIN VJ, TERREROS DA: Filtration in single isolated mammalian
glomeruli. Kidney mt 20:188—197, 1981
24. SRAER JD, SRAER J, ARDAILLOU R, MIMOUNE 0: Evidence for renal
glomerular receptors for angiotensin II. Kidney mt 6:241—246, 1974
25. SCHOR N, IcHIKAwA I, BRENNER B: Mechanisms of action of various
hormones and vasocative substances on glomerular ultrafiltration in
the rat. Kidney mt 20:442—451, 1981
26. PILIA PA, SWAIN RP, WILLIAMS AV, LOADHOLT CB, AINSWORTH SK:
Glomerular anionic site distribution in nonproteinuric rats. Am J
Pathol 121:474—485, 1985
27. BOULTON JONES JM, TULLOCH I, DORE B, MCLAY A: Changes in the
glomerular capillary wall induced by lymphocyte products and serum
of nephrotic patients. Clin Nephrol 20:72—77, 1983
28. HARALDSSON B, J0HNS50N E, RIPPE B: Glomerular permselectivity is
dependent on adequate serum concentrations of orosomucoid. Kidney
mt 41:310—316, 1992
29. KOYAMA A, FUSIJAKI M, KOBAYASHI M, IGARASHI M, NARITA M: A
glomerular permeability factor produced by human T cell hybridomas.
Kidney mt 40:453—460, 1991
30. DANTAL J, BAATARD R, HOURMANT M, CANTAROvITCH D, BUZELIN F,
SOULILLOU JP: Recurrent nephrotic syndrome following renal trans-
plantation in patients with focal glomeruloscierosis: A one-center
study of plasma exchange effects. Transplantation 52:827—831, 1991
31. DANTAL J, Giii M, HOURMANT M, SOULILLOU JP: Glomerulone-
phritis recurrences after transplantation. Curr Opin Neprol Hypertens
4:146—154, 1995
32. DANTAL J, GODFRIN Y, SOULILLOU JP: New insight the pathogenesis
of the idiopathic nephrotic syndrome. Nephrol Dial Transplant 10:
1979—1981, 1995
